The aim of this paper is to cast light on the relationship between sustainable development environmental policy and renewable energy use. We utilize a dynamic GMM approach over a panel of 34 European Union (EU) countries spanning the period 2005-2013. Our findings reveal a positive monotonic relationship between development and pollution. Energy saving positively affects environmental degradation, while energy intensity increases air pollution. Our findings imply important policy implications to policy makers toward sustainability. Despite the fact that the Europe "20-20-20" climate and energy package strategy seems to be achieved, the recently adopted Energy Roadmap 2050 must be updated on regular basis in order to be effectively implemented and monitored by government officials and firms' stakeholders. Therefore, we argue that EU countries must increase the use of new technology and renewable energy capacity in order to align environmental policies towards more efficient energy use and sustainable development among the EU periphery.
Introduction
In 2007 all EU member states adopted a new law intended to reduce at least 20% greenhouse gas emissions and to achieve 20% share of renewable energies in EU energy consumption by 2020. Within this framework, the European Commission (EC) aims to achieve the "20-20-20" targets, including a 20% reduction in EU greenhouse gas emissions from 1990 levels, a raise in the share of EU energy consumption produced from renewable resources to 20% and a 20% improvement in the EU's energy efficiency.
The motivation of this paper stems from the relationship between sustainable development and enviromental policy regarding pollution. It is mainly based on the Environmental Kuznets Curve hypothesis (Kuznets 1955; Shafik and Bandyopandhyay 1992; Grossman and Krueger 1995; Holtz-Eakin and Selten 1995) 2 , which states that pollution rises with income at low income levels (degradation of environmental quality), but at a higher income level a turning point is reached and further development leads to lower pollution (Panayotou, 1995) . An opposite line of reasoning states that the relationship between pollution and development is monotonically rising (Cole, 1999) . This paper empirically explores the relationship between environmental pollution, development and renewable energy consumption. It also explores the effect of environmental efficient indicators on environmental pollutants and draws valuable policy implications towards energy efficiency targets of For these purposes we utilize two pooled time-series cross-section yearly (panel) data sets for EU34 countries (EU28, 5 candidates and Norway) and EU28 countries 2 See also, inter alia, Dinda (2004) , Richmond and Kaufmann (2006) , Lopez-Menendez et al. (2014) . 3 In 2014 EU presented the new key achievements of its energy and climate policy framework (EU Energy Roadmap 2050 , COM 2014 . In this paper we focus on the "20-20-20" strategy on environmental pollution and growth. This paper contributes to the existing literature through various channels. On the one hand we extent the literature by exploring the effect of various energy efficiency indicators, such as the share of renewable energy in gross final energy consumption (RENWES), the electricity generated from renewable sources of gross electricity consumption (RENWEG) and energy saving from primary energy consumption (ES), on four different environmental pollutants, Sulphur Oxides (SO 2 ), Nitrogen Oxides (NO X ), Non-methane volatile organic compounds (NMVOC) and Greenhouse Gas Emissions (CO 2 equivalent, GGE). On the other hand, we utilize Dynamic Panel approaches such as SYS and DIF -GMM methodologies. 4 The empirical results reveal that development and environmental pollution exhibit a positive monotonic relationship, while renewable sources of energy negatively affects environmental policy towards pollution. The more the renewable energy we use the less the air pollution. Energy saving positively affects pollution, while energy intensity contributes to more air pollution.
The remainder of this paper is organized as follows. Section 2 reviews the literature and section 3 presents the data and descriptive statistics of the employed variables. Section 4 presents the empirical models and the used methodology and section 5 reports the empirical results. Lastly, section 6 discusses the empirical results and section 7 concludes and provides some policy implications that emerge from the empirical analysis.
Literature Review
The effect of energy efficient indicators and development on environmental pollutants has been studied for the European Union and its subsequent members. 5 The empirical results show a considerable heterogeneity between environmental and economic development variables. The main source of the divergence may be linked to the rate of productivity and nations' specific characteristics. Particularly, at the EU level, 6 Alvarez, Marrero and Puch (2005) Coondoo and Dinda (2008) explore the relationship between the inter-country income inequality and CO 2 emissions for a sample of 88 (22 EU) countries over the period 1960 -1990 . The empirical results confirm that inter country income 5 In this paper we focus on the presentation of literature review concerning the research within the EU. For a survey of the literature on an empirical and theoretical perspective see Bernard et al. (2014) . For relevant studies prior to 2010 see Lopez-Menendez et al. (2014) , Markandya et al., (2006) , Galeotti et al. (2009) , Kukla-Gryz (2006) , Dinda (2004) and Stern (2004) Dögl and Behnam (2015) . Panayotou (2000) has also given a critical overview of the research done from 1992 to 2000. 6 See also Table A1 in the APPENDIX. inequality has a significant effect on the mean emission for all the sample countries.
Also, evidences in favour of existence of EKC hypothesis have been found for EU for the period 1966 onwards. Lee at al. (2009) The reason for using panel data sets so as to investigate possible cointegrating vectors instead of time series analysis is that residual based cointegration tests are known to have low power and are subject to normalization problems. Since economic time series are typically short, it is desirable to exploit panel data in order to draw sharper inferences (Christopoulos and Tsionas, 2003, Polemis and Dragoumas, 2013 L 140, 5.6.2009, p. 16-62) . 10 The indicator of electricity generated from renewable sources as a percentage of gross electricity consumption ( RENEWG ) is the ratio between the electricity produced from renewable energy sources (electricity generation from hydro plants, excluding pumping, wind, solar, geothermal and electricity from biomass/wastes) and the gross national electricity consumption (total gross national electricity generation from all fuels (including autoproduction), plus electricity imports, minus exports) for a given calendar year. It measures the contribution of electricity produced from renewable energy sources to the national electricity consumption. energy sources) and the Gross Domestic Product (GDP) 12 for a given calendar year. It is measured in kgoe per 1 000 EUR and measures the energy consumption of an economy and its overall energy efficiency (Shahbaz et al. 2013; Martínez-Zarzoso et al. 2007) . 13 Real GDP growth rate represents development. It is the final result of the production activity of resident producer units. It is defined as the value of all goods and services produced less the value of any goods or services used in their creation.
The squared real GDP growth rate is a measure that aims to capture the changes in environmental indicators trend across national economies. It captures changes in production and consumption patterns which affect the impact of potential real GDP growth rate on environmental and comprises a measure of the economic activity. We use the percentage ratio of real GDP growth rate rather than other measures of income utilised in previous literature (such as income in physical units) since it allows comparisons of the dynamics of economic development both over time and between economies of different sizes and the computed volume changes are imposed on the level of a reference year and therefore development rate is not inflated by price movements (Table 1 ).
14 [Insert Table 1 respect to the corresponding average value, but its development rate is much higher than the corresponding level in Italy and Greece.
[Insert Figure 2 about here]
The aforementioned figures 1 and 2 reveal that for some sample countries pollution shows a stable path with respect to their economic development. In other words, pollution increases in the initial level of growth, but remains at the same levels as growth continues to increase. For other countries pollution increases in the initial levels of growth and continues to increase as growth increases. Besides, we cannot find any point of return as the research in favor of EKC hypothesis claims. Figure 3 presents the relationship between energy intensity (MI) and devlopment rate. It is evident from the aforementioned figure that there exist a group of countries that exhibit a positive monotonic relationship between MI and development, but also there exist a group of countries which reveal stable levels of energy intensity as development rate changes. This latter group of countries shows lower levels of economic growth than the former group of countries.
[Insert Figure 3 about here]
Four countries with the highest levels of development (Bulgaria, Czech Republic, Poland and Romania) exhibit high levels of energy intensity. As a matter of fact all of them show higher levels of MI than the corresponding mean level of EU34 and EU28
countries, while Bulgaria exhibits the highest level of energy intensity among all the countries under scrutiny.
Empirical framework and methodology

Empirical framework
Most of the researchers explore the relationship between pollution, development and energy efficiency indicators by estimating reduced-form models between per capita pollutant emissions, per capita real GDP and the squared-cubic values of per capita real GDP (Richmond and Kaufmann, 2006; Stern, 2014; Morse 2018) , and per capita indicators of energy efficiency. An example of a cubic function is the semilogarithm equation 1: Arellano (1989) argues that for dynamic error components models, the estimator that uses differences rather than levels for instruments has a singularity point and very large variances over a significant range of parameter values (Baltagi 2005, p. 136) .
Dynamic Panel GMM (DPGMM) method of estimations
Therefore, in order to allow for the dynamic aspects in our empirical models we investigate our main research questions by using dynamic panel data techniques such as DPGMM estimators attributed to Arellano and Bond (1991) 15 and Arellano and Bover (1995) /Blundell and Bond (1998) . 16 The DPGMM estimator by Arellano and Bond (1991) is also known as a twostep difference GMM (DIF-GMM) where the lagged levels of the regressors are instruments for the equations in first differences. The DPGMM estimator by Arellano and Bover (1995) /Blundell and Bond (1998) is also known as the System GMM estimator (SYS-GMM), since it combines regression in first differences with the original equation, included by further instrumental variables (see also Polemis, 2016) .
The SYS-GMM estimator uses lagged first differences of the variables as instruments in the level equations. Both estimators (DIF-GMM & SYS-GMM) are designed to deal with small T and large N panels, that is, few time periods and many individual units (cross sections). Recall that in this paper we deal with short T dynamic panel data sets (T = 9 and N = 34 or 28).
According to Arellano and Bond (1991) and Arellano and Bover (1995) et al (1992) and is particularly well suited for panel datasets in which T is large and N is moderate. However, in this paper we do not perform the said test since the panel data set under scrutiny is not strongly balanced.
The results in Table B1 of Appendix indicate that all the variables under scrutiny are integrated of order one. Also, the Johansen test for the existence of a cointegrated relationship between the non-stationary variables of the models depicts that there is (at least) one cointegration vector for each model (Table B2 of the Appendix). Tables 2 and 3 [Insert Table 2 Under SYS-GMM method (Table 3) Within EU28 countries the effect of development on environmental pollutants is less pronounced than within EU34 countries. Even thought it continues to exist a positive relationship between the two variables the effect of real per capita GDP growth rate on all the environmental pollutants employed is quite close to zero.
Empirical results from DPGMM estimations
However, the non statistically significant parameter estimates of square and cube coefficients of income indicate that the EKC hypothesis does not exist in the EU28 countries for the time period in question, which coincides with the discussion made for the EU34 countries. 18 In terms of the effect of control variables of equation 1 on environmental pollutants it is evident that energy intensity (MI) positively affects all the environmental pollutants (the parameter estimates of coefficient MI under all empirical models employed within EU28 is statistically significant except from the estimated parameter in the empirical model with GGE dependent variable under SYS-GMM method).
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[Insert Table 3 about here]
The empirical results reveal that within EU28 countries energy intensity positively affects SO 2 emissions. For instance, an increase of energy intensity by 1% causes almost half increase of SO 2 emissions (SYS-GMM), while under DIF-GMM the corresponding response of SO 2 emissions is almost 80%. The magnitude of this effect is less pronounced within EU34 countries.
When we deal with the effect of energy saving on environmental pollutants an interesting remark emerges. Under all models and methodologies employed the effect of energy saving on environmental pollutants is positive. This effect reveals an inefficient way of energy use within EU. Different technological or regulatory aspects within EU countries may be critical factors affecting the way they use energy saving towards monitoring EU's energy policy.
However, emissions from all the environmental pollutants are eliminated by the increase of the share of renewable energy in gross final energy consumption increases.
This result reveals that the more the renewable energy we use the less the pollution. 18 As in the case of EU34 countries the estimation of  in equation 1 ( 1  t E ) is always highly statistical significant and smaller than 1 for all the dependent variables employed within the EU28 countries. For instance, the highest estimate is 0.89 under SYS-GMM and 0.32 under DIF-GMM. 1919 See also figure 4 in section 3.2.
The same could be said for the effect of electricity generated from renewable sources of gross electricity consumption (RENEWG) on environmental pollutants, at least in most of the models employed which the parameter estimate of RENEWG is statistical significant.
Results and discussion
The estimated parameters of the empirical models employed in this paper suggest the existence of a monotonic pattern between environmental pollutants and real per capita GDP growth rate, since the square and cubic coefficients of economic growth in equation 1 are found to be not statistically significant. These results are not surprising since they agree with the empirical results by Morse (2018), Mazur et al. 20 Makridou et al. (2016) have stated that technology change is primarily responsible for the energy improvements achieved in most sectors of the economy for 23 EU countries. 21 A similar result regarding Carbon Dioxide Emissions (CO 2 ) has been reported in the literature by Martínez-Zarzoso et al., (2007) .
Conclusions and policy implications
In this paper we empirically explore the effect of development and various energy efficiency indicators on environmental pollutants. For these purposes we utilize Dynamic Panel data methodologies (SYS and DIF -DPGMM) to examine clustered patterns of energy pollutants.
The empirical findings indicate that sustainable development positively affects environmental pollutants. The results also reveal that the use of renewable sources of energy negatively affects environmental pollutants. The more the renewable energy we use the less the air pollution. Energy saving positively affects pollution, while energy intensity contributes to more air pollution.
Technological improvements and stakeholders' engagement in favour of environment are also two important tools against pollution. Stakeholders should adopt technologically improved lines of production at regular intervals so as to keep up their technology with environmental needs. For this purpose, the majority of stakeholders, at least the ones that own multinationals firms, must commit to reduce energy consumption from non-renewable sources and replace obsolete technology with environmental friendly one. National governments should encourage private sector to adopt innovations which improve the quality of products/services produced, balancing the costs of R&D expenditures against the generated firms' profits.
The persistence of pollution with high levels of development indicates once again the important role of governmental policies in favour of renewable energy use.
Governments should enforce their endeavor against pollution and in favour of economic development. Financial contribution of firms along with the reduction of bureaucratic procedures for the adoption of cleaner technologies of production will reinforce the important role of energy saving on the reduction of environmental pollution.
National tax policy consists of another tool against pollution. 22 Since demand for a cleaner environment increases with development level, the sooner the adoption of taxes against environmentally harmful industries, the cleaner the environment.
However, this scenario is not always easy to be adopted across different tax regimes.
Therefore, environmental policy across member states should be carefully designed in order to address the basic needs against pollution of each member state. A flat environmental strategy against pollution across member states will probably result in the adoption of new technology that is not suitable for all the member states.
Even though Energy Roadmap 2050 seems to be satisfied, policy implications should be strengthened towards more installed renewable energy, a convergence of environmental policies towards more efficient energy use among EU countries and energy intensity flows must be kept up more closely in nowadays since the empirical results point out its substantially positive contribution on air pollution. The recent adopted 30% energy efficiency target for the year of 2030 by EC aims to implement such policies. This target must be updated at regular intervals in order that to be monitored effectively. 22 As soon as population increases the demand for energy increases as well as the public concern related to harmful effects of pollution (scale effect). Government taxation focuses on abating emissions and merely compensating part of the scale effect (Ansuategi 2003) . Following Smulders et al. (2011) this is called "the alarm phase". The explanation of the variables is given in Table 3 .
Source:
Author's elaboration of data from European Commission, Eurostat, European Environment Agency (EEA), (http://ec.europa.eu/-eurostat/web/energy/data). The explanation of the variables is given in Table 3 .
Author's elaboration of data from European Commission, Eurostat, European Environment Agency (EEA), (http://ec.europa.eu/eurostat/web/energy/data). The lag lengths were selected by using Modified Akaike Criterion. Significant at * 1%. SO2: Sulphur oxides (Total sectors of emissions for the national territory -Tonnes), NOX: Nitrogen oxides (Total sectors of emissions for the national territory -Tonnes), NMVOC: Non-methane volatile organic compounds (Total sectors of emissions for the national territory -Tonnes), GGE: Greenhouse Gas Emissions (CO 2 equivalent -All sectors and indirect CO 2 -Thousand tonnes), MI: Energy Intensity (the ratio between the gross inland consumption of energy and the GDP -in kgoe per 1 000 EUR), RENEWG: The ratio between the electricity produced from renewable energy sources and the gross national electricity consumption (% of gross electricity consumption), RENEWS: Share of renewable energy in gross final energy consumption (%), ES: Energy saving from Primary Energy Consumption (million tonnes of oil equivalent, TOE), I (Real GDP Growth Rate): Annual growth rate of GDP volume (percentage change on previous year). Source: Author's elaboration of data from European Commission, Eurostat, European Environment Agency (EEA) (http://ec.europa.eu/eurostat/web/energy/data). 
